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Environmental behavior of Tripterygiun wilfordii alkaloids in soil
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Abstract: [Objective] Soil environmental behavior of Tripterygiun wil fordii alkaloids was evaluated
to improve the development and application of T. wil fordii insecticides. [Method) Following the Test
Guideline on Environmental Safety assessment for Chemical Pesticide made by Ministry of Agriculture of
the People’s Republic of China,adsorption of T. wil fordii alkaloids in different soil types was conducted
by batch equilibrium method and columns leaching method. Northeast China black soil, Henan fluvo-aquic
soil and Lou soil in Guanzhong Plain were tested. Degradation of T. wilfordii alkaloids in different soil
types was also conducted by degradation experiment using peach garden soil, wheat field soil and cabbage
field soil with non-sterile treatment and sterilization treatment as objects. [Result) The adsorption of
T. wil fordii alkaloids in three tested typical soils could be fitted with Freundlich equation with adsorption
constants (K,) of 15.21,8. 62 and 11. 05, respectively. The alkaloids were difficult to be leached. T. wil-
fordii alkaloids were easily degraded in fresh soil with the half-lives of 10. 06 d in peach garden soil,9. 92 d

in wheat field soil and 8. 88 d in cabbage field soil,respectively. However, the compounds were slowly de-
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graded in sterilization soils with the degradation rates of 49. 71% (peach garden soil) ,30. 82% (wheat ficld

soil) and 33. 33% (cabbage field soil) 32 d after treatment, respectively. [Conclusion) T. wil fordii alka-

loids showed comparatively low mobility and easy degradation in soil. Thus,they were safe to soil environ-

ment.

Key words: Tripterygium wil fordii alkaloid;soil residue;degradation in soil;environmental safety
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Table 1 Physical and chemical properties of the tested 6 soil types
A u (ﬁﬂiﬁ/l) HLAE 4 %/ % Mechanical composition
Soil t p g kg
o type 0. M. FibL Clay 0 #: Sand Bk Silt

/N#Z M Wheat field 7.65 18. 36 40. 47 41.52 18.01
#kbil Peach garden 7.73 15.63 47.14 38. 27 14.59
H# H Cabbage field 7.48 17.18 41. 32 39. 88 18. 80
% Jt M 4 Northeast China black soil 6.95 24.14 32.90 35.23 31.87
W 4+ Henan fluvo-aquic soil 7.26 13. 66 18. 94 41. 20 39. 86
X1 %+ Lou soil in Guanzhong Plain 7.65 18. 36 18.01 40, 47 41.52
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Table 2 Freundlich equations for adsorption isotherms of Tripterygium wil fordii alkaloid in soils

ek R K 1/n R? % B 5 A2 K AG/
Soil type 4 Equation for adsorption " (kJ » mol™ 1)
;{Ejtﬂi‘i [~ =158 Y 0.963 —15
Northeast China black soil 15.21 0.963 0.924 C,=15.210 C, 630. 11 15.970
i = . . 8.62 0. 655 0.918 C,=8.616 C,0 6% 630. 74 —15.973
Henan fluvo-aquic soil
KA g 11.05 0. 705 0. 897 C,=11.050 C, 7% 601. 85 —15. 856

Lou soil in Guanzhong Plain

TE Gy g T EMR 5 . G S K W W P B AR 24 0 e VR B

Note:C, means adsorbed concentration in soil,C, means mass concentration of pesticide in water solution.
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80 Lou soil in Guanzhong Plain

60t
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Adsorbed concentration of soil

IR B(C)/(mg * kg™)
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JKAH IR B KR BE(C,)/(mg « L")
Mass concentration in water solutions
B 1 BwAREAYMAE 3 A b I SRR LR (25 °C)
Fig. 1 Adsorption isotherms of Tripterygium wil fordii
alkaloid in 3 soil types (25 ‘C)
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Table 3 Vertical distribution of Tripterygium wil fordii alkaloid in soil layer of 0—30 cm in different soil types
PN NE L, N 4 0 i i i i 1 501 o S N N
sk ANFE A2 A 4045/ % Distribution in different soil layers W L
Soil types 0~10 em 10~20 cm 20~30 cm Leachate
At 2 + Northeast China black soil 99. 34 0.70 — —
W — 4 + Henan fluvo-aquic soil 97.37 2.70 0.10 —
Fh £+ Lou soil in Guanzhong Plain 99.19 1. 20 0.03 —
W =" RAR KA.
Note:“—” means not detected.
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Fig. 2 Degradation curve of Tripterygium wil fordii alkaloids in cabbage field soil
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Fig. 3 Degradation curve of Tripterygium wil fordii WAERER . /NEH.H B H PRk S 5N
alkaloids in peach field soil 34.66,77.02 F1 86. 64 d, B 5 w2 .
R4 BLABREYHESHIEINERINEFE
Table 4 Degradation kinetic parameters of Tripterygium wil fordii alkaloids in 3 different soils
Rz pigt V% fifk 2 3 J5 #2 YRR g /d
Soil samples Treatment Dynamic equation R? Half-life
e A e K KB Non-sterite C,=09.337 8¢ 0-0689% 0. 986 10. 06
Peach garden soil K Sterilization C,=9.436 9e 0 0% 0.972 34. 66
/NFE A K1 Non-sterite C,=09.287 le 0-069 0.997 9.92
Wheat field soil KM Sterilization C, = 9.490 30009 0.983 77.02
H W KK Non-sterite C,=9.706 6e0-078 0t 0. 990 8. 89
Cabbage field soil K Sterilization C,= 8.519 8e 0008 0.931 86. 64

T B FRHE] L C Sl o B 3 v 0 R 2 8 B R

Note:z means cultivate time,C, means residual concentration of pesticide in soil at time 7.

3 i
EABEYHELEI RSB

TR MR R IR R A B K 5
25 A AR SE LK IR B A U 5 R R Ok
T HLLE 40 B0 R B L LR B 5
REGVEFRAHY R, B o+ HEXT I5 U ) 10 0 B
HLBE W B 8 T Ac i L4 o S0 AR ) IO PR 5

i®

3.1

o | L1 5 RS | K IR B R 0 TBC S L ST L R R A A
s — Al LA BB [ 4R A 25 2R i 2T
e Wy Wt A I - 8 ) T A R A9 B T
TR A1 7K 2 1) W% B~ fige 1 w73 BE R 2545 7 O » 5 T
AR 2 5y ek IS Y0 R PR T I e X
Mo oK g AU Y B R A

BTSRRI T A A W AE AR AL R T
B A e RO i R R R G R R 22 L 1



%12 3 PSR

O TR A IR S ER AT O AT 5 141

o 5 ME W B 5 W B Bl BE AG /T 40 k] /mol . i3 B
LA 4 HE b W B AR X Ok B B . MK Von
EEE ot i B ML A DA R S X R A e AR A 1
B ML AT RE A 45 5 A4 T i K AR R AU S
S R R Sy T A R

AR 5 A R IR IR P 2 B0 TR S T A A A AR L
M R IR H M 2 R RS L R AR HLR
A0 1R 11 v b M L LR A R R+
Hevhgs . (AR T A PR AE 8 OR 5 ik
W R URA 253 A 385 N By X LT 7K s G .

2% bon] L TR S T AR W B AE T HEBRB hOR 5 TR
BiF o e R L R R B S B
3.2 BRBEYWELEFSER

REGIEARBT O N + 58 i A R i
BRI o 5% B8 T HHE L % 2D Yl Ak 2 B A S
A IR L R A W R R TR O Y R 2R
ARZG A i R CE YRR A% . W DDT | £ 50 e X i
DS TE: e AN N S eSS I B /A 2
A= W) B AE 28 R B A 2 KRR A B 3 Fh 4 i
i S B 22 5 B 4 E A K B 9 R T B R A
BI/NF 11 d, U B T 2 A W A b 2 R
Y B . 53 Ak R AL L L R A AL
Jo B T R ) ) A 0 ko A 2 0 A e R L AR
SN (R I S E SE A ML B R 114 - 9 B R
FR R A dse b . I AS BIF 5t & B N i AR W A 3
Fi E e g A A — e 25 5. /N IR i T
R ML T Ak R - BLAE B R B AR
AT R T 22 (1 R A S o Il i R 2 Ab
B oA R TR W RETE A K B DL S SR 4 A
Lo B N THE A W A AE /N FE B R P B
fift o RN TN T AR IR A b B B A W R A
KNG . Foh, EERE R R H A HEEY
BT - SRR A W R ke ] 3 SR AR EE . T UL B A AR
YIioo + EAR RO R A

4 %5 i

TR 3 Fh LA + 4 RV R + TR
T ARG A R B 0 B X R AR Bl
MRS 5 J Bl b G W A e Bk Bl L/ 2 T
- 98 K A g b Y B A 35 O 10, 06~8. 89
d. PR, T8 A B2 P ieixt + e B 2 4

[ &% 30k |

[1] Boeke S J,Boersma M G, Alink G M, et al. Safety evaluation of

[2]

(3]

[4]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

neem (Azadirachta indica) derived pesticides [ ]J]. Journal of
Ethnopharmacology, 2004, 94(1):25-41.
Susmita G, Sima B, Sukumar M, et al. Biological detection and
analysis of toxicity of organophosphate and azadirachtin-based
insecticides in Lathyrus sativus L [ ]J]. Ecotoxicology,2010,19
(1):85-95.
Isman M B. Botanical insecticides, deterrents, and repellents in
modern agriculture and an increasingly regulated world [ J].
Annual Review Entomology,2006,51:45-66.
Guo J L.Yuan S X, Wang X C.et al. Tripterygium wil fordii
Hook F in rheumatoid arthritis and ankylosing spondylitis [J].
Chinese Medical Journal,1981,94(7) :405-412.
Tao X L, Lipsky P E. The Chinese anti-inflammatory and im-
munosuppressive herbal remedy Tripterygium wilfordii
Hook f [J]. Rheumatic Diseases Clinics of North America,
2000,26(1) :29-50, viii.
Qiu D M,Kao P N. Immunosuppressive and anti-inflammatory
mechanisms of triptolide, the rincipal active diterpenoid from
the Chinese medicinal herb Tripterygium wil fordii Hook f
[J]. Drugs in R&.D,2003,4.1-18.
Chiu S F,Qiu Y T. Experiments on the application of botanical
insecticides for the control of diamondback moth in South Chi-
na [J]. Journal of Applied Entomology,1993,116:479-486.
JE kR BRER A L AL TR BB A B LA B A A
PE v (I, PR 47,2007, 33(6) :60-64.
Zhou L,Feng J T,Zhang J T,et al. Bioactivity of the total alka-
loid from Tripterygium wil fordii Hook against several impor-
tant pests [ J]. Plant Protection, 2007, 33 (6):60-64. (in Chi-
nese)
JOBkk 26 R AREHBI RSN [T B &
iH.2008,45(6) :852-856.
Zhou L, Zhang X. Insecticidal activity of Tripterygium wil -
fordlii and its applications [ J]. Chinese Bulletin of Entomolo-
gy,2008,45(6) :852-856. (in Chinese)
BB 5K BRI, R R AU R [T 7t
AMRBFH R B ARBEE T, 2000, 28(3) £ 84-89.
Luo D Q,Zhang X,Feng J T. Research development of an in-
sectidal plant Tripterygium wil fordii Hook [J]. Journal of
Northwest A&F University: Nat Sci Ed,2000,28(3) : 84-89.
(in Chinese)
Ma Z Q,Li Y J,Wu L P,et al. Isolation and insecticidal activi-
ty of sesquiterpenes alkaloids from Tripterygium wil fordii
Hook f [J]. Industrial Crops and Products,2014,52;642-648.
JA ok Th AR AR VL A TR AN R A A o X /s S g 3
AR ROR [T] A RAAMB B R % A AR
2006,34(12):169-173.
Zhou L,Ma Z Q,Feng J T,et al. Control efficacy of alkaloid
products from Tripterygium wil fordii Hook against Plutel-
la xylostella (1) and Pieris rape [ J]. Journal of Northwest
A&.F University; Natural Science Edition,2006,34(12);169-
173. (in Chinese)
A, R IC GSTs Rtk 43 A7 B T 2> j A o 35 4 7 1 iy BT



142 PE 3t A AR 2 2 3R (B A REE D 43 %
7t [D]. BV 82  PUAbA AR} 5K 2% . 2009, vironment Science,2004,23(5) ;1025-1029. (in Chinese)
Li X W. Characterization of glutathiones-transferase genes [23] Pionker H B, Glotfelty D E, Lucas A D. Pesticide contamina-
from the aquatic Midge Chironomus tentans and insecticidal tion of groundwater in the Mahatango Greek watershed []].
activity of the total Alkaloid from Tripterygium wil fordii Journal Environment Quality,1988,17(1) .76-84.
Hook [ D]. Yangling, Shaanxi: Northwest A&.F University, [24] Jana T K,Das B. Sorption of Carbaryl (1-napthyl N-methyl
2009. (in Chinese) carbamate) by soil [J]. Bulletin of Environmental Contamina-
(141 EZEub. 2 AT 72, % 5 A A Wl Bod IR0 4R 2L tion and Toxicology,1997,59(1) ;65-71.
BIREPERT ST (1. Aol BRI R 2 2440, 2012, 31(6) : 1070-1076. [25] Giles C H,Macewan T H,Nakhwa S N, et al. Studies in ad-
Wang L B,Li T,He J,et al. Toxicity of Alkaloid-based prod- sorption:11. A system of classification of solution adsorption
ucts from Tripterygium wil fordii on non-target organisms isotherms,and its use in diagnosis of adsorption mechanisms
[J]. Journal of Agro-Environment Science,2012,31(6):1070- and in measurement of specific surface areas of solids [ J].
1076. (in Chinese) Journal of the Chemical Society,1960:3973-3993.
[15] ZEBZE AT 2, DM, 5. A HEAE W 36045 [26] Kozak J.Weber J B.Sheets T J. Adsorption of prometryn and
ma LI, PEAb Al 242 .2012,21(10) : 174-178. metolachlor by selected soil organic matter fractions [J]. Soil
LiY J,HeJ,Ma Z Q,et al. Effect of Alkaloid from Triptery- Science,1983,136(2) :94-101.
gium wil fordii on soil microbe [J]. Acta Agriculturae Borea- [27] Zhang W.Wang J J.Gao L. M,et al. The review of glyphosate
li-occidentalis Sinica,2012,21(10) :174-178. (in Chinese) environment fate in the water-soil system [ ]J]. Pesticides,
[16] XuJ Z.Lu J,Sun F,et al. Terpenoids from Tripterygium 2006,45(10) :649-654.
wil fordii [J]. Phytochemistry,2011,72(11/12) :1482-1487. [28] Senesi N. Binding mechanisms of pesticides to soil humic sub-
[17] Takaishi Y, Wariishi N, Tateishi H,et al. Phenolic diterpenes stances [ J]. Science of the total Environment,1992,123/124
from Tripterygium wil fordii var. regelii [ J]. Phytochemis- 63-76.
try.1997.45(5) ;979-984. [29] Koskinen W C,Stone D M, Harris A R. Sorption of hexazi-
18] o [ A R AL Fn [ 4k #. GB/T 31270. 1 — 2014 — GB/T none,sulfometuron methyl and tebuthiuron on acid, low base
31270.21—2014 Afb2Fqe 25 30 55 22 2 PR 56 i ) [ ST, db saturated sands [J]. Chemosphere,1996,32(9):1681-1689.
50 EARVE R 2015, (300 Al ) 3C, A FIR] L FLAE PR L 45 1wk i FF R B e E 4 4 o A 3k
The Ministry of Agriculture of the People’s Republic of Chi- WRHEmEE (] AT SRR EE#H,2006,22(2):71-
na. GB/T 31270. 1 — 2014 — GB/T 31270. 21 — 2014 Test 74.
guideline on environmental safety assessment for chemical He L W,Shi L L,Kong D Y.et al. Leaching of carbofuran and
pesticide [ S]. Beijing: Standards Press of China,2015. (in Chi- atrazine in soil columns and its affecting factors [ J]. Journal
nese) of Ecology and Rural Environment, 2006,22 (2):71-74. (in
[19] B3k Z&,. A RKAE SHKIN, 45, 2840 53 ot B 1 I 5 76 20 T 11 IR Chinese)
WA E Y S (1], ABTH 224 2 ,2000,15(1) : 133-135. [31] Von O B, Kordel W, Klein W. Sorption of non-polar com-
Zhang R, Tang Q H,Hu Y S,et al. Determined total alkaloid pounds to soils; Process, measurements and experience with
contents in Leigongteng oral solution(LOS) with UV spectro- the applicability of the modified OECD guidelines [ J]. Chemo-
photometry []J]. West China Journal of Pharmaceutical ,2000, sphere,1991,22(2) :285-304.
15(1):133-135. (in Chinese) [32] XU 6. v B e 3V AE RS S ANAR 9 ob 0 28 38 QI AR 56 2R 35
[20] & BR.HMERW%, LB WABAE Y HEH AT EM 1 RWE5E [D]. Betiig i - WAL R AR K%, 2010:9-12.
SVEV I I E (1], R 2522440, 2009, 11(3) :367-372. Liu W. Studies on penetration, metablism and related environ-
Li Y,Feng J T,Shi X Y,et al. Study on the determination of ment behavior of botanical insecticide celangulin V [D].
triptolide and total Alkaloids in Tripterygium wil fordii Yangling . Shaanxi: Northwest A&.F University, 2010 9-12.
Hook f cultures [J]. Chinese Journal of Pesticide Science, (in Chinese)
2009,11(3) :367-372. (in Chinese) [33] Kk WLELxJE . ARIEE & AR B4 B 2R 7E L0 i R W e i
[21] & B2 Bk W, 45, T E0H0 BR AR 2 BN 45 4T BIF O WF5E [T WA 25542, 2004, 15(11) : 2175-2178.
[T #rvr gl 2= 4% , 2004, 16 (5) : 299-304. Zhang W, Yu Y L, Lin K F, et al. Microbial degradation of
Zhao H,Li K.Xu H,et al. Study on environmental behavior of Abamectin in soil [J]. Chinese Journal of Applied Ecology,
fenpropathrin [[J]. Acta Agriculturae Zhejiangensis, 2004, 16 2004,15(11):2175-2178. (in Chinese)
(5):299-304. (in Chinese) (347 /Mg A JFR B TE %2, 45, 3R O A B8 TR B I A A
[22] “RJUAEFCHERE . £ 8, 55, O RORTE 52285 v 0 B A 1 L] i A 5 3R 48, 1995, 11(4) 1 9-13, 27,

e R T IEgE L), gl 3R 5 R 27 2% 4 . 2004, 23 (5) : 1025~
1029.
ZhuJ S, Qiao X W,Wang J,et al. Degradation and the influ-

encing factors of Acetochlor in soils [J]. Journal of Agro-En-

Hua X M, Zhu Z L, Shan Z J, et al. Degradation of aldicarb
residues in soil [J]. Rural Ecological Environment, 1995, 11

(4):9-13,27. (in Chinese)



